Introduction: Platypnea-orthodeoxia is a relatively uncommon but striking clinical syndrome characterized by dyspnea and deoxygenation accompanying a change to sitting or standing from a recumbent position. Hypoxemia early after lung transplant can have multiple etiologies. We report a rare case of persistent hypoxemia and platypnea-orthodeoxia after left single-lung transplantation, as a result of right-to-left interatrial shunt through a patent foramen ovale, with subsequent resolution of hypoxemia after percutaneous closure of the patent foramen ovale. Case presentation: Our 66-year-old Caucasian male patient exhibited a persistent patent foramen ovale. Persistent patent foramen ovale produces an intermittent intra-atrial right-to-left shunt and occurs in approximately 25 % of the general population. Although the majority of people with patent foramen ovale are asymptomatic, it is believed to act as a pathway for chemicals or thrombi that can result in a variety of clinical manifestations, including stroke, migraine headache, decompression sickness, high-altitude pulmonary edema, and platypnea-orthodeoxia syndrome. Percutaneous closure of the patent foramen ovale has been shown to be effective in the case of right-to-left shunting with normal pulmonary arterial pressure, but the indication remains controversial in other situations where pulmonary pressures are not normal. The most common causes of hypoxemia immediately after lung transplant include: graft dysfunction, reperfusion injury, acute thromboembolic disease, and acute rejection. We report a case of reopening of a patent foramen ovale after left single-lung transplantation with normal pulmonary pressure. Conclusions: Our case demonstrates that an open patent foramen ovale leading to massive right-to-left shunting is a possible complication after lung transplant, with significant morbidity, and that it can be treated successfully using a percutaneously placed occlusion device. Through this case report, we aim to improve pre-transplant procedures by demonstrating that a bubble contrast transesophageal echocardiogram can be performed pre-operatively to detect a patent foramen ovale.
Introduction
We present the case of a 66-year-old Caucasian man with idiopathic pulmonary fibrosis, on three liters of oxygen supplementation, who presented to our institution for a lung transplantation. He was previously evaluated at another transplant center, but he was not considered to be a candidate due to gastroesophageal reflux with mild gastric dysmotility. He was seen at our center for a second opinion and was accepted for transplantation. His medical history included benign prostate hypertrophy, hyperlipidemia, and heart failure (New York Heart Association Class 3) due to his severe deconditioned pre-transplant state as a result of severe lung disease. His surgical history showed that he had undergone an appendectomy when he was 19-years-old without complications.
Case presentation
In the pre-transplant work-up done prior to our evaluation, his transthoracic echocardiogram (TTE) showed normal left ventricular systolic function, and a right heart catheterization revealed mild pulmonary hypertension (mean pulmonary artery pressure 28mmHg) with a normal cardiac index. In addition, a left heart catheterization was performed and was not indicative of coronary artery disease, with normal O 2 saturations. His lung perfusion scan showed no evidence of extra-respiratory fixation of technetium. Partial pressures of oxygen (PaO 2 ) and carbon dioxide (PaCO 2 ) on room air at evaluation were 62mmHg and 46mmHg, respectively. His pulmonary function tests showed a spirometry diffusion capacity of 30 % predicted and severe restriction. A computed tomography (CT) scan of his chest revealed extensive bilateral diffuse pulmonary fibrosis, with severe honeycombing. His ventilation-perfusion (V/Q) scan showed no evidence of extra-respiratory fixation of technetium, and also a low probability of pulmonary embolism. He underwent a left single-lung transplant off-pump. The cytomegalovirus status was donor and recipient positive.
The intra-operative and early post-operative periods were uneventful, allowing extubation on post-operative day (POD) one, and discharge from the intensive care unit (ICU) at POD four. Post-extubation, he still required a significant amount of supplemental oxygen (5 liters/min) to keep his oxygen saturation level at around 90 %, higher even than the amount required in the pre-operative period. His chest X-ray showed a normal left lung and a fibrosed right lung, with a mediastinal shift to the right side ( Fig. 1 ). His bronchoscopy revealed normal left bronchial anastomosis with patent distal airways. We performed a bronchioloalveolar lavage, which was negative for bacterial, viral, and fungal agents. The results of his transbronchial biopsies were negative for acute rejection. A contrast-enhanced CT of his chest did not disclose any sign of pulmonary embolism, and showed minimal atelectasis in the lower lobe of the transplanted lung.
On POD seven, he developed a new complaint of worsening dyspnea in an upright position or walking, which was relieved by lying in a supine position. This was associated with desaturation on pulse oxymetry (platypnea-orthodeoxia). A V/Q scan was ordered which showed a perfusion to the right lung of 80 %, normal ventilation to the transplanted lung, and significant tracer uptake by the kidneys and brain, indicative of a right-toleft shunt. We performed a two-dimensional TTE, which showed normal pulmonary pressure and left ventricular ejection fraction. The main abnormality was an aneurysm motion defect of the inter-atrial septum (Fig. 2 ). His color Doppler and saline contrast echocardiogram tests showed a patent foramen ovale (PFO) with massive spontaneous right-to-left shunting. The aortic root was also seen to be dilated (4.0cm).
As his respiratory condition had deteriorated in the week following the transplant, he underwent an emergent percutaneous PFO closure. A large PFO (7mm in diameter) with a massive right-to-left shunt was confirmed (Fig. 2) . Right-side pressures were normal on his right heart catheterization (mean 16). The PFO was closed using a 35-mm occluding device (Amplatzer™ PFO Occluder, AGA Medical Corporation, Minnesota, USA) with ultrasound-guided transesophageal echocardiography. No residual shunt was observed immediately after implantation. Immediately after the procedure, his oxygen saturation improved with minimal oxygen supplementation. The day after the procedure, he was eupneic at rest, with a PaO 2 and PaCO 2 of 82mmHg and 34mmHg, respectively, on room air. He was discharged on POD 12. His respiratory status remains satisfactory 10 months after his lung transplant, and he has no need for supplemental oxygen.
Discussion
We present this rare case of marked hypoxemia with platypnea-orthodeoxia and significant deterioration of gas exchange after a left single-lung transplant due to right-to-left inter-arterial shunting through a PFO. The PFO either existed before the transplant, or more likely, opened after his transplant surgery [1] . It is our understanding that the PFO became evident after the transplant due to the anatomical changes the transplant brought about. His pre-transplant evaluation did not include a contrast-enhanced TTE, though his perfusion scan did not show evidence of a right-to-left shunt. At our center, PFO is checked for pre-operatively on a routine basis by means of contrast-enhanced TTE and shunting views on a V/Q scan. After ruling out all other causes, we can confidently say that the post-operative right-to-left interarterial shunt was the only cause of our patient's severe life-threatening hypoxemia. To the best of our knowledge, this is the second reported case in the English literature of severe hypoxemia after lung transplant due to right-to-left inter-arterial shunting with normal right-sided pressures. Thabut et al. reported the first case, in which the patient presented with delayed PFO reopening on POD 16 after left lung transplant [2] .
The pathogenesis of the worsening of a right-to-left shunt through a large PFO after a left single-lung transplant is usually due to elevation of pressure in the right side of the heart [3] . However, in our patient, his rightside cardiac pressure was normal. Also, his CT angiogram did not show significant pulmonary embolism or vascular anastomoses abnormalities. The underlying mechanism can be explained by what has been described in cases of platypnea-orthodeoxia syndrome observed after pneumonectomy [4] [5] [6] , or in patients with an enlarged aortic root, like ours [7] [8] [9] . Platypneaorthodeoxia syndrome, characterized by the association of dyspnea and hypoxemia aggravated in the upright position and relieved in the supine position, is related to intracardiac or intrapulmonary right-to-left shunting of various causes. The described hypothesis for the mechanism of the reopening of the PFO is the deviation of the mediastinum toward the right side, which occurs after right pneumonectomy, leading to an orientation of the inferior vena cava flow toward the PFO. In terms of the aortic root dilation, an anatomical change of the atrial septum is described that is related to the pressure applied from the dilated aortic root down to the atrium, causing an aneurismal motion defect [10] .
The redirection of flow, caused by an anatomic distortion of the right atrium or atrial septum plus the aortic root dilation, is also part of the hypothesis of the cause of platypneaorthodeoxia after pneumonectomy [7, 8] . In the case of our patient, we can hypothesize that the left transplanted lung, with higher volume compared with the contralateral fibrotic right lung, to some extent will lead to a mediastinal shift, causing distortion of the vena cava and mimicking what is observed after a right pneumonectomy [11] .
The mechanism of the reopening of the PFO after lung transplant with normal pulmonary pressure is still unknown, but regardless of the mechanism, this should be considered as a potential complication after lung transplant surgery especially left single-lung transplant. Right-to-left shunting through a PFO should be discussed and evaluated if hypoxemia is not explained by the usual causes (such as infection, rejection, pulmonary embolism, and so on), particularly when the chest radiograph is normal or near normal [11] . Whether to screen for PFO in the pre-transplant evaluation is an unsolved issue, but our observations suggest that, given the potential subsequent complication, a systematic pre-operative PFO search by means of a bubble contrast transesophageal cardiogram may be useful, at least in the case of singlelung transplantation.
Conclusions
In conclusion, our case demonstrates that an open PFO leading to massive right-to-left shunting is a possible complication after a lung transplant, with significant morbidity, and that it can be treated successfully using a percutaneously placed occlusion device.
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